Influence of slope of rise and event order of aircraft noise events on high resolution actimetry parameters Einfluss Schlüsselwörter Fluglärm -Aktimetrie -AktigraphieAufwachreaktionen Summary Takeoffs and landings during the night are restricted in some form at most airports. Therefore, commonly, evenings and mornings are especially prone for sleep disturbances through aircraft noise. We conducted an experimental field study at residents' homes in the vicinity of Zurich Airport that aimed at quantifying the effects of aircraft noise events on bodily reactions before wakeup in the morning. Aircraft noise was administered using pre-recorded noise events and played back in the subjects' bedrooms. A non-intrusive and event-related recording system for sleep physiology parameters (high resolution actimetry, cardiac and respiratory parameters) was developed and used to measure bodily reactions to noise events. Results show that motility reactions to the first aircraft noise events in the morning were stronger than to subsequent ones, suggesting that the number of previously experienced overflights has a systematic effect, especially if the events occur in short intervals. Motility reactions have also been found to be dependent on the slope of rise of events, with steeper rises -as they are typical for close flyovers from landing aircraft -evoking stronger reactions. These findings are in accordance with recent laboratory investigations of aircraft and railway noise impact on awakening probability.
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Introduction
Annoyance reactions to traffic noise are, to a large extent, caused by noise-induced sleep disturbances. Among the different traffic noise sources, aircraft noise poses a specific problem to noise abatement since it can barely be deterred by acoustic barriers. Thus the primary goal is to lower noise emissions of single aircraft as far as possible. Furthermore, a reduction of unwanted effects of aircraft noise could be attained by carefully optimizing the local and timely distribution of airplanes that arrive or depart at a particular airport. This necessitates the knowledge of how and when aircraft noise events act on the sleep of residents. Since at the majority of airports, some form of night-time flight curfew is in force, aircraft noise events predominantly affect sleep at the beginning or end of the night. Furthermore, as a consequence of the coordination of flight schedules at major hub airports, aircraft noise events mostly occur in bursts, that means, they are often "grouped" within particular time windows. This particular pattern of short intervals between single flights and larger pauses between groupings of flights is often not taken into account in studies of aircraft noise effects. It is therefore important to look at the effects of aircraft noise events within shorter time periods, particularly during the morning shoulder hours after "noiseless" nights.
To elucidate the impact of aircraft noise events during shoulder hours on sleep, we conducted an experimental study in the bedrooms of residents in the greater area around Zurich Airport that encompassed objective as well as subjective measures of sleep. As has been reported earlier [9] , in Zurich more people are still in bed when the curfew ends (at 06:00 h) than are already in bed, when the curfew begins (23:00 h). Morning noise events thus seem to have a larger potential to disturb sleep and in this article we will therefore focus on the (physiological) effects of aircraft noise events during the last 90 minutes of sleep.
Noise induces activations of the autonomic nervous system, like increased blood pressure and heart rate and can lead to arousals or awakening reactions which can be detected with the electroencephalogram (EEG) -mostly used in conjunction with other measurements which together make up polysomnography (PSG). The latter is generally regarded as the gold standard method for quantifying sleep disturbances [3] . Still, for many research protocols, the use of PSG is not feasible, mostly due to economical reasons. The number of EEG awakenings and the number of body movements are correlated, thus actigraphy/actimetry has traditionally been used instead of PSG in quite a few studies about aircraft noise effects on sleep (e. g. [18] or [23] ). While both PSG and actigraphy do have their advantages and disadvantages, the validity of (wrist) actimetry methods in sleep disturbance research has been questioned [24, 27] . Actimetry is mostly used to estimate global variables like total sleep time (TST), sleep efficiency (SE), and wake after sleep onset (WASO), which it does reasonably well [6] . Its limited value in event related research protocols pertainsdepending on the specifications of a particular system -to its limitations concerning intensity quantisation and time discretisation. We therefore set out to develop a basically actimetric, but more detailed method of quantifying sleep quality parameters -especially for the sake of event related analyses for which wrist actimeters may not be accurate enough. In our field study on nightly aircraft noise events and sleep, the new method was extensively tested for the first time. In this paper, we will only report about one aspect of the method, namely high resolution actimetry. The method will be described in more detail below.
Materials and procedures
In the Zurich field study, during a 30-night period, 60 subjects were exposed to different combinations of maximum level, number of aircraft noise events, and playback time of noise events ("evening" or "morning") during the night. Although the study was not carried out in a laboratory -but in the subjects' homes -the study design was experimental by nature. Besides the bodily reactions to noise events, indoor and outdoor sound pressure levels where recorded continuously as well as temperature, humidity and light intensity in the subjects' bedrooms. Night-related as well as event-related outcome variables were being analyzed, such as self reported sleep quality, body movements (motility) as well as changes in heart and respiration rate. The study itself and all the procedures further described were approved by the ethics committee of ETH Zurich. A summary of the study has been published online [9] .
■ Subjects
Subjects in the Zurich field study were recruited from a large pool of respondents from two surveys on aircraft noise annoyance that were carried out in the years 2001 and 2003 [9, 11, 29] . People interested in taking part in the study could fill in a reply form and were later contacted by us to arrange for an appointment at their homes. Subjects had to be at least 18 and at the most 65 years old to participate. People's bedrooms and beds were inspected to make sure they met the requirements for the experiment. Once the subjects agreed to participate, they were subjected to a health screening and a hearing test. Subjects were excluded if the average hearing loss in the 0.25, 0.5, 1, 2, 3, 4, 6, and 8 kHz range was higher than 15 dB. After obtaining written consent, data acquisition and noise simulation equipment was in-stalled in the subjects' bedrooms. Subjects were also instructed on how to fill in a sleep diary every evening and morning. After the 30 night experimental period was over, subjects were debriefed and given a remuneration of 200 Swiss Francs.
■ Design
The factors of the basic study design were time (evening vs. morning), maximum sound pressure level (L AS,max (Ear) of 50 vs. 60 dB) 1 and number of noise events (8 flights vs. 16 flights). Either at the beginning or towards the end of the night, within a 90-minute period, either 8 or 16 aircraft noise events were played back from a loudspeaker in the bedroom of the subjects. The intervals between the events were steadily increasing in case of the evening noise simulations, and decreasing in case of the morning noise simulations. The average interval between noise events in the 90 minute simulation period was 6 minutes and 40 seconds. Beside the "noisy" nights, two consecutive quiet nights (without noise) and two nights with road traffic noise were administered in each block of either morning or evening noise. This amounted to a total of 1800 nights and 16,320 noise events. Each factor combination was administered twice consecutively within a block whereas one half of the sample started with noise being played back in the evening (Block 1) and the other half started with noise being played back in the morning (Block 2). Between the two blocks, a quiet night was introduced to avoid carry-over effects. All experiments started with two habituation nights with noise simulations which were excluded from the analysis. The last night was not analyzed as well. All subjects were blind to 1 A noise event can be characterized by different acoustic descriptors which are measured in decibels (dB). One of these descriptors is the maximum sound pressure level (L max ). This is the highest level measured within a particular measurement period. One can simply think of the L max as a measure of "maximum loudness" of each aircraft noise event. Here, the denomination as "L AS,max " specifies the given figure as accounting for the "A" frequency weighting and the "S" (for "slow") time constant. Furthermore, the figure expresses the level that was measured at the ear of the sleeper, in contrast to e. g. a level that would have been measured outside the house.
any of these experimental conditions. Experiments ran for 30 consecutive nights in total (Fig. 1) . In this paper, we report only about the effects of the morning aircraft noise simulations.
■ Aircraft noise recording and playback
Noises from aircraft flyovers were digitally recorded in the vicinity of the runway system at Zurich Airport at different locations so that the sound from departing as well as landing aircraft could be captured. Indoor recordings of aircraft noise events were not feasible due to technical (high recording levels needed) and organizational reasons, thus the outdoor recordings have been filtered to match the indoor-frequency spectrum typically found with a half open window. A total of 8 recordings (4 departures and 4 landings) were used for the experiment and were played back through a powered studio loudspeaker in the bedrooms of the subjects. The loudspeaker was connected to the control device's internal audio module. For each 30 night experimental session the control device was programmed to play back the noise events according to the experimental plan. An exact calibration of the playback volumes as part of the experimental setup in each bedroom was performed to make sure that each subject was administered the same levels at the ear.
■ Data acquisition
When it comes to physiology, investigations of the effects of aircraft noise on sleep usually employ either rather complex (PSG) or quite simple (actimetry) measurement methods. While PSG provides a rich data set for the diagnosis of sleep disorders, it is rather laborious and measurements are mostly confined to only a few nights. Wrist actimetry at the other end of the spectrum is the easiest to handle method, but the least powerful. For many research applications an intermediate approach without the constraints associated with either of the two methods would be optimal. Such methods have been developed since the early 1970s, particularly for recording of body movements, such as photographic and video monitoring, actigraphy watches and motility beds [13, 21] . About a decade later, attempts have been made to develop ambulant monitoring methods that omit using ECG electrodes to record parameters of heart activity. Of these, the static charge sensitive bed introduced by Alihanka and collaborators [1, 2] and later the polyvinylidenefluoride (PVDF) mattress [26] seemed to be the most successful of the non-invasive or more precisely, non-contact techniques. Within the last decade, a few more developments for unobtrusive monitoring of vital signs during sleep have emerged such as multi-sensor mattresses [28] , or smart textile systems [25] , but none of these (if available at all) seem to really succeed on the market or have the potential to define a new de facto standard of unobtrusive measurement methodology. Facing the lack of off-the-shelf available solutions to easily measure movements, heart rate and breathing activity over longer durations, in the late 1990s, we set out to develop a monitoring system on our own. It records the behavior of a sleeper by sensing the tiny vibrancies of the body caused by the heartbeat, breathing and movement activity and uses just one kind of mechanical transducer to derive heart rate, respiration rate, and motility. We termed this system seismosomnography (SSG). The principle of SSG is based on the fact that the human body, even if motionless, exerts vibration energy on an underlying surface (such as a mattress), by movements of the body itself, but also by the activity of the heart (causing a small displacement of the body due to its rebound at each contraction, called the cardioballistic effect), and the lifting and lowering of the thorax and abdomen while breathing. The periodically altering mass distribution of the body of a sleeper changes the center of gravity of the bed which is reflected in an uneven distribution of the forces that act upon each bed post. By deriving these forces with force sensors placed beneath the bed posts, all shifts of the center of gravity can be recorded continuously. After filtering out unwanted frequency components such as high frequency noise or eigenfrequency oscillations of the bed, high resolution actimetry data can be obtained. Whereas the respiratory activity can be traced with very good accuracy as well, the determination of heart activity (the weakest of all traceable signals) is in a pilot stage, although we could show that at least in the laboratory context, SSG is also able to measure the heart rate with an accuracy of about +/-2 beats per minute. An in-depth technical description of the method has previously been published [7] .
■ Experimental control
The experiment was carried out in an unattended fashion, not requiring any intervention by either the subject or the experimenters during the 30 night experimental period. For this purpose, a control device was constructed consisting of a small single board computer confined in a sound proof metal box that also contained the SSG circuit, an audio module, and a 2.5" harddisk to store data and to provide the audio module with the prerecorded WAV-Files used for the playback of aircraft noise events. For each individual installation, the most frequently occurring "switching off the lights" and wakeup-time was determined. According to this information obtained from the subjects, the control device was programmed when to start the noise simulations during the night. Noise simulations at times when a subject was not in bed, were excluded from the analysis. Along with the physiological parameters, the in-and outside sound pressure levels were recorded also. Fig. 2 shows the course of all the recorded parameters from one randomly selected experimental night.
Quantifying motility levels and motility reactions
As described in [7] , high resolution actimetry of a subject can be sampled using either the AC or the DC chain of the SSG circuit. For the measurement of motility, we used the DC chain and will further refer to it as Mot DC . Mot DC is a value between 0 and 50 that is calculated by the SSG system software and reflects the intensity of movements of the body of the sleeper. As the system samples the DC values from the sensors at 4 Hz and calculates and extracts the motility level MotDC with a frequency of 1 Hz (by calculating the average force difference on all bed posts between the first and the fourth sample point within one second), the development of a motility reaction during an event can be captured with quite high detail (see also Fig. 3 ). Changes in body movements as a consequence of autonomous activation through noise events can basically be quantified by calculating the difference of the (average) motility level before and during the occurrence of an event. If a big enough difference between average Mot DC values before the onset of the event and around the point in time, when the event reaches its maximum level is present, a motility reaction can be assigned to the event. We will first look at the reaction level and then discuss (binary) reaction probabilities.
■ Motility reaction level
There are no generally accepted standards of interpreting actimetry data in a physiological context, now less than ever with a completely new method such as SSG. For the first-time use of our system in a larger study, we favored a quite straightforward approach: To determine the intensity of a motility reaction during an event, we sampled 40 seconds of motility (Mot DC ) just before the onset of the event and determined the average motility within this reference timeframe as a baseline. During the events, the beginning of the reaction timeframe was set at the point in time, when the sound pressure level of the event rose above the level 20 dB below the maximum level and lasted 30 more seconds after the maximum level was reached (the duration was thus variable for each type of aircraft noise event). The difference of the average Mot DC in both timeframes was then calculated as indicator of the level of the reaction. A positive number would indicate that motility increased during the event, a negative number would indicate that the motility decreased during the event. Due to the fact that the mechanical properties of beds as well as the people sleeping on them produce amplitudes of different size, the difference had to be normalized by dividing it by the mean of both average motility levels, resulting in the reaction intensity level Mot ReactLevel as follows: ■ Determining binary reactions
In night time noise effects research, a binary measure of reactions to events is oftentimes desired because it allows for a quick determination whether a particular noise event had any significant effect on a sleeper. In studies involving awakening reactions (measured with PSG), this reaction parameter is binary by nature (although that classification is also debatable) -an advantage that motility reactions do not have. The decision whether a significant reaction to an event has taken place cannot be made on theoretical grounds, but must be made arbitrarily. We decided to define any normalized difference above the mean of the differences in motility plus their standard deviation to be the threshold value for assigning a reaction. The normalized difference of the SSG system (the Mot ReactLevel -values) can be in a theoretical range from -2 to + 2 2 . For undisturbed sleep (or during "virtual" noise events) any difference between two time frames would on average be 0. Level equal to or greater than 1 (0.2 + 0.8) were termed a "reaction" and assigned the binary value 1 (Equation 2).
where: Mot ReactBin Binary expression of the occurrence of a motility reaction According to the above definition, from a total of 4870 aircraft noise events in the morning, 836 were marked as having evoked a motility reaction. Changes (e. g. a rise) in the level of motility during sleep not only occur as a consequence of a noise event, but also happen for other reasons -regardless of whether noise events are present or not. This means that for any observation of a "reaction" (as defined above) during a noise event, the true cause remains unknown. However, the probability of spontaneous reactions in night time noise effects research can be determined quite easily and must normally be subtracted from the observed probability during noise events to get the so called additional probability which is usually regarded as the important indicator 3 . Spontaneous motility reactions were observed during so called "virtual noise events". Such events were administered during the two consecutive quiet nights in the morning block according to the identical playback protocol as the real noise events with the only difference that no sound was played back. A total of 1192 virtual noise events in the morning block were available for analysis, of which 98 led to a reaction according to Equations 1 and 2. The probability for spontaneous motility reactions (P mot,spontaneous ) was first determined for each subject, and then averaged, resulting in a value of 0.085. This probability value must be subtracted from the observed probability of a motility reaction to reflect the activation effect caused by the noise event alone (see also Equation 3).
Results
■ High resolution actimetry characteristics during aircraft noise events
During the morning noise simulations, a total of 4870 aircraft noise events from 8 different aircraft noise recordings (noise event types) could be analyzed. The chronological sequence of motility over subsequent 5-second epochs during the events shows a characteristic relationship with the course of the level of each noise event type, most likely due to different slopes of rise before the maximum level is reached. Fig. 3 shows the course of the sound pressure level of aircraft noise events (with L AS,max = 60 dB) and concurrent average Mot DC levels over subsequent epochs of 5 s duration. As is apparent from Fig. 3 , the steeper the slope of rise of the sound pressure level of an aircraft noise event prior to the point of reaching its maximum level was, the more pronounced the development of motility turned out. Especially landing aircraft in close proximity to the recipient (the recording microphone in this case; Events A,C,D) evoke stronger motility reactions than departing aircraft. The average motility during these events -after a delay of about 10 seconds -steadily rises and almost exactly mimics the course of the sound pressure levels.
■ Influence of the event order position of noise events on motility Fig. 4 shows the motility reactions from up to 16 subsequent aircraft noise events during the 90-minute period at the end of the night. The columns represent the average motility reaction level (Mot ReactLevel as computed according to [7] ) over each class of event order position. According to the position on the sequence that the noise events have been experienced by the sleeper, events have been pooled and values averaged. There are more "first experienced" than "16 th experienced" events, because only events were analyzed, where the subject was demonstrably (still) in bed and because in only half of the nights were 16 flights simulated. The analysis of the course of the motility reactions shows a more or less steady decrease within the 90 minute observation period. This decrease is evident both during evening noise simulations (not shown in Fig. 4 ) and morning noise simulations although less accentuated during the evenings. The decreasing trend of the motility reactions was significant according to Page's Trend Test [L = 70479, N = 58, Chi-Square = 7.27, p = 0.007]. The earlier in the morning aircraft noise events occur, the stronger the average bodily reaction is. Although the exact reason for the observed trend is unknown yet (maybe the more noise events have been experienced, the greater is the chance that a subject is already awake and does not move anymore), the data illustrate that a bodily reaction to an aircraft noise event depends either on the position on the time scale (such as e. g. expressed in the time after sleep onset) or on the existence of previous noise events, or both. A recent study [4] showed, that cardiac arousals seem to habituate within a single night, the percentage of subjects with cardiac arousals was markedly higher in nights with 4 or 8 aircraft noise events compared to nights with 16 or more events. Accordingly, the decreasing trend we observed might just be a consequence of habituation. P mot,additional = P mot,observed -P mot,spontaneous where: P mot, observed Probability of observing a motility reaction (Mot ReactBin ) during a noise event P mot, additional Probability of observing a motility reaction during a noise event, that is solely attributable to the noise event itself P mot, spontaneous Probability of a spontaneous motility reaction during a noise event or a virtual noise event [in our case P mot,spontaneous amounts to 0.085] β 0 Intercept β 1,2...n Parameter estimate for the 1 st , 2 nd … n th predictor B 1,2...n Value of the 1 st , 2 nd … n th predictor
In order to be used as a predictor in a statistical model, a measure of slope of rise must be defined and calculated for each aircraft noise event type. The slope of rise depends on the characteristic of the sound pressure level over time and is expressible in decibels per second [dB/ s]. In the case at hand, the slope of rise was defined as a certain difference of decibels divided by the time needed to rise from that difference below the maximum level to the maximum level. How large such a difference should be can only be set arbitrarily, yet any arbitrarily set dB difference will influence the result. When defining the slope of rise related to a longer duration of noise event, the quite flat course of the sound pressure level for the most part of the beginning of the event (e. g. with Events A and B in Fig. 3 ) may obscure the effect of the quick rise a few seconds before the maximum level is reached. Therefore we calculated two alternatives of slope of rise, one based on a 10 dB difference, the other based on a 20 dB difference (before reaching the maximum level). According to the 10 dB measure, the slopes of the 8 noise event types were between 0.7 and 2.5 dB/s, according to the 20 dB measure the values range between 0.8 and 3.3 dB/s. The statistical calculations were made using SAS (SAS version 9, SAS Institute, Cary, NC, USA). With the NLMIXED procedure, two regression models on P mot,observed were computed incorporating the maximum sound pressure level, the event order position (with 1 being the first event), the subject identifier (as random effect) and the slope of rise in dB/s (the first model using a 10 dB, the second using a 20 dB difference criterion). Both models yielded almost identical parameter estimates. For the final model, the variable slope of rise based on the 10 dB level difference was retained. Table 1 shows the results of the analysis. Fig. 5 demonstrates the relationship between different predictors resulting from the logistic regression analysis and the probability of an additional motility reaction. 
Mot
ReactLevel Event order position Fig. 4 Average motility reaction levels (including the standard error and linear trend) during up to 16 subsequent aircraft noise events (L AS,max of 50 dB and 60 dB accumulated) within the 90 minute period at the end of the night ("Morning noise") 
Discussion
The results of the reported field study confirmed the predictive value of the maximum sound pressure level of noise events, but also point to other acoustical and operational factors that play a role in estimating noise effects on sleep. This study -although we are well aware that there are many other predictors and maybe better models of overall effect -may help in raising the awareness of the importance of event order position and slope of rise of noise events in general. Statistical model building in the above analyses was quite straightforward. We were primarily interested, whether the event order position and the slope of rise could be reasonably modeled.
The most important findings are briefly discussed in the next paragraphs.
■ Effect of event order position
During early morning simulations, a declining trend of the intensity of motility reactions has been observed, indicating that reactions to subsequent noise events are partly depending on the number of previous events and/ or the reactions thereupon. Generally, the noise induced probability of awakening out of a stage of sleep increases with the time after sleep onset. However, if a subject is (already) awake, it cannot be awoken by an aircraft, therefore, the decreasing sleep pressure and naturally increasing proportion of wakefulness towards the rise time counteract the probability of observable awakening (which can by definition only take place when asleep). In contrast to awakening, motility reactions can also occur when a subject is awake. We found that the earlier a noise event took place, the stronger the motility reaction was. Whether this can be regarded as an indicator of a higher probability of awakening from sleep at the beginning of the daily flight operations in the early morning (after a "quiet" night) or is simply a consequence of the fact that for, e. g. the first flight in the morning, the noisefree preceding interval (another relevant predictor in most studies) before that first flight is virtually infinite, cannot be decided on solid grounds. But our observation points to the problem of timing of the end of night-time flight curfews. Even if the number of aircraft overflights during early morning would be halved at a particular immission location, our findings render obvious that the net impact would also be depending on the time the first few planes arrive (or depart). Assuming more people prematurely awake from the first plane in the morning (and stay awake until rising) than from the subsequent ones, a simple energy-based noise rating for the time period in question (e. g. a 1h-L eq 4 for the time period between 6 und 7 h) would explain far less effect, than the time the first plane(s) arrive.
PSG parameters have not been recorded in this study, hence the occurrence of awakening reactions can not be determined. Previous research suggests that the intensity of motility reactions can be related to the probability of awakening reactions [22] . In this light, the current data might indicate a higher probability of awakening within the first few noise events in the morning compared to the later ones. This to some degree contradicts the usual finding that the awakening probability actually increases with the time since retiring [5] . However, it has so far not been analyzed whether this holds true also for noise events that solely occur within a relatively short time period towards the end of the night while the rest of the night remains quiet (most if not all recent studies on awakening due to transportation noise comprise noise events that are scattered across the whole night). To overcome this lack of knowledge, a study might be conceived that aims at quantifying awakening probability within e. g. the last fourth of the night while keeping the rest of the night quiet. For many airports this is much more realistic a scenario than evenly distribution of noise events across the whole night.
■ Effect of slope of rise
We found evidence that the steeper the slope of rise of the sound pressure level of events is, the higher is the probability of motility reactions. This is in line with findings in the literature [17, 19] where higher rates of 4 The term L eq stands for "energy equivalent continuous sound pressure level". This is the most commonly used form of expressing the average sound pressure level of multiple events within a particular period of time. The L eq is the imaginary continuous sound pressure level that would produce the same energy as the effectively fluctuating level in the same period of time. A 1h-Leq is the average level during one (particular) hour. The L eq is expressed in dB. autonomous activation were found with steeper slopes of rise from transportation noise events. At the same time, steep slopes of rise only occurred with landing aircraft experienced directly beneath the glide path (Fig. 3 , Events A,C,D). However, the recordings from airplanes during landing approach produce less acoustic energy (approximately expressed as area under the curve in Fig. 3 ) per event than departing aircraft. That observation may demand for a reconsideration of the noise rating methods for residents that particularly live right below approach flight paths. The reason for this is the following: Any aircraft movement at a particular point on the ground can be described in terms of L AE 5 and L max (maximum sound pressure level). Today's common noise regulation in most countries solely relies on the L AE (which is directly convertible to an L eq and vice versa), that means, it only pertains to the energy of a noise source/event. Given the same maximum sound pressure level, landing approaches at any point on the ground typically have a smaller L AE than takeoffs. While for the most part of immission locations off flight paths, the ratio of L max over L AE is irrelevant regarding effect rating, immission locations just below a landing approach flight path have a rather high ratio. Thus a relatively low L AE (and therefore low L eq ) at such locations under-rates the detrimental effect of a fast rise of level on a sleeper as it's produced from landing aircraft flying at low altitudes. Consequently, any event based noise rating must not only consider L max or L AE , but also their ratio. In light of our results, we suspect that the higher that ratio is, the stronger the effects on sleep are.
Aircraft noise is generally regarded as being the most annoying kind of transportation noise, coming first before road and rail [20] . However, a recent study by Marks and collaborators has confirmed the long standing suspicion that this rank order does not apply for noise-induced sleep disturbances in terms of awakenings and alterations of sleep structure [19] . They found that railway noise from trains quite often elicits awakenings due to the fact that approaching trains usually display a very steep slope of rise shortly before the L max is reached. In view of the results with landing aircraft, there is ample reason to suspect that the closer a dwelling is to a railway track, the more important the slope of rise of the train noise becomes in causing awakening reactions.
To elucidate the impact of railway noise on actimetry parameters as measured with the SSG system, we conducted a small pilot study in the Unterinntal valley in Tyrol, Austria, an acoustic environment more or less free of aircraft noise, but with considerable traffic noise from 5 L AE is the descriptor of total sound energy of a noise event and used to be referred to as "SEL". The L AE is the notional sound pressure level which, if maintained constant over one second, delivers the same total amount of acoustic energy at some point as the time-varying sound pressure level would deliver at the same point over the entire noise event duration. railways and roads. Whereas in the Zurich field study, aircraft noise events were played back in an experimentally controlled fashion through loudspeakers, in the pilot study, the sound pressure level of naturally occurring (traffic) noises was recorded each second at the halfopen windows in the bedrooms of volunteering subjects. The slope of rise of recorded events (mostly from trains) proved to be almost as important a predictor for motility reactions as was the maximum sound pressure level -an observation which confirms the findings with aircraft noise events in our field study, but also confirms an older laboratory experiment [15] as well as the most current literature on the issue [19] .
■ Heart rate data
The reagibility of cardiovascular parameters under noise exposure is well documented, for laboratory conditions [12, 14] as well as in the field [16, 17] . A sound recording of the heart activity and the proper assignment of cardiac arousals at noise events has, within limits, been shown to be useful for indicating awakening reactions without needing a PSG setup [4] . We therefore also analyzed heart rate data in the field study, but for reasons of space, have not reported about them in the results section of this article. Heart rate data are relatively complex to attain from an actimetry system such as SSG. However, the heart rate measurements as carried out with SSG basically support the findings with actimetry, with pronounced heart rate accelerations that were dependent on both maximum sound pressure level and slope of rise. Further details about the heart rate measurements in the Zurich field study can be found in [10] .
■ Practical conclusions
Beside gaining more insights into the relationship between noise events and bodily effects, the Zurich field study also served for gaining experience with the SSG methodology. Our experiences show that the SSG system is suitable for experimental noise effects studies in the field and that the system is able to provide a rough picture about what sort of acoustical and/or situational parameters do have an effect on bodily reactions. The proper installation of the SSG system and placement of sensors took up to 30 minutes, but once the sensors were firmly installed and the recording set up, no more effort was needed by either the subjects themselves or by the experimenters for the whole period of study. This makes SSG a very economical method, especially for long-term measurements. However, it can of course not replace PSG as it is used in sleep laboratories or more sophisticated field studies. In this view, we think that a further evaluation/validation of the SSG method and a comparative study with conventional actimetry besides PSG might clarify some of the issues with the system that could not be resolved yet.
